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THE USE OF PARAMETRIC TESTS 
IN THE STUDY OF VOWEL DURATION CUE FOR VOICING 
IN THE FOLLOWING WORD FINAL CONSONANT IN POLISH ENGLISH*
Polish ar.d English phonological systems differ considerably in 
terms of vowel-consonant relationship. Polish is a syllable timed 
language with no phonemic vowel duration distinction and an obli­
gatory rule of word final consonant devoicing1. The word final con­
sonant devoicing rule is traditionally believed to be neutrali­
zing, i.e., suspending contrast, which excludes the possibility 
of vowel duration use as a cue for the underlying voicing of the 
following word final consonant by native speakers of Polish. Al­
though the neutralizing statue of the rule has been questioned 
by Slowiaczek and Dinnsen [1985], we shall accept the assumption 
of complete neutralization in Polish word final consonants as 
valid for the purpose of comparison with English; further discus­
sion of this issue will follow the presentation of the data.
Native speakers of English regularly employ the vowel duration 
cue for distinguishing voicing in word final consonants, although 
other temporal acoustic parameters, such as voicing duration into 
closure or friction, and closure or friction duration are also 
pertinent to understanding. The_ difference in vowel duration de­
pending on voicing of the following single consonant was measu­
red by Peterson and Lehiste [I960]; they found that in many CVC
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* Final consonant devoicing rule states that all obstruents are voiceless
in a word-final position in Polish; due to the regressive devoicing rule, not 
only single obstruents but also clusters of obstruents are voiceless In this 
position.
mi!...mal poi iн a vowel followed by a voiced consonant was longer 
than a vowel followed by a voiceless consonant by a ratio of 3 : 2.
The use of vowel duration as a cue for voicing is language 
specific and must be learned by a user of the language. Regularly 
employed in stress-timed languages, vowel duration differences 
constitute a problem for non-native speakers of these languages; 
in this chapter, we shall discuss the use of vowel duration in 
English by native speakers of Polish.
The experiment reported in this chapter is a part of a re­
search project aiming at the evaluation of the use of phonetic 
variables in a sociolinguistic study of Polish English bilinguals. 
Vowel duration has been chosen as one of the dependent variables 
due to its phonological function in English, and the lack of 
its linguistic significance in Polish. Following Fromkin [1977], 
we can say that vowel duration is phonetic, i.e., inherent in 
the production of speech in Polish, but phonological, i.e., a part 
of the grammar, in English.
The sociolinguistic project is planned as an investigation 
into two main groups of Polish-English bilinguals: Polish stu­
dents of English in Poland, and Polish-born English speakers li­
ving permanently in Great Britain. The latter group is further 
subdivided into two subgroups: the older generation and the youn­
ger one. It is with these two subgroups, supplemented by the 
control group of native speakers of English, that we are going 
to be concerned with in the present chapter.
The hypothesis under investigation is that second language ac­
quisition is related to and dependent on social parameters. The 
older generation has no desire to be socially evaluated by the 
second (majority) language community; the group has accepted its 
status as foreigners and is often proud of being different, easi­
ly distinguished from the English. In the case of the younger 
generation of immigrants situation is more complex, with a very 
strong aspect of upwards mobility.
The vowel duration distinction is one of the dependent va­
riables used by the speakers in order to sound 'more English’. Ac­
cording to the hypothesis, the younger generation tries to sound 
Englishlike much harder, hence the expected tendency to greater 
variability and hypercorrection.
Twenty-two Polish-born speakers of English and five native 
speakers of English served as subjects in this experiment.
The Polish speakers of English belong to the bilingual Polish 
English speech community in London. They have all decided on per­
manent residency in the U.K., although under different circum­
stances. The older generation (Group I) came to Britain during 
or just after World War II, with no or very little knowledge of 
English. The younger generation, however, came to the U.K. in 
1980-81 with a fairly advanced command of English. Both groups 
have been exposed to standard British English (BBC English rather 
than RP“) to a large extent; consequently, they are aware of the 
'norm' which they associate with BBC English. It seems reasonable 
to conclude that both groups try to imitate the prestigeous norm; 
the above conclusion justifies asking five native speakers of 
English, whose idiolects have been judged as RP, to serve as a 
control group for the experiment.
Group I (older generation) consists of ten subjects, four 
males and six females, aged 60-70. Except for one male and one 
female, their home language is Polish, and their friends are 
mostly Polish, although they used to work in an English-speaking 
environment.
Group II (younger generation) consists of 12 subjects: two 
males and ten females. Aged 25—35, they all use English at work 
and with English friends; Polish is the home language for 10 sub­
jects from this group.
Group III (native speakers of English) consists of four fe­
males and one male, born and educated in the South of England.
During the conversations conducted after the recordings, all subjects 
stressed the importance of listening to the radio and watching English tele­
vision while acquiring the second language; they consistently mentioned the 
BBC as the best source of correct English.
PROCEDURE
A list of twelve test words was randomized within a list con­
taining 70 items. The test words contain a set of six vowels of 
English followed by a single voiced or voiceless alveolar stop: 
heed, repeat, hid, it, who'd, root, head, pet, hard, heart, had, 
cat. The words are not minimal pairs due to the difference in 
the preceding context. However, the measurements taken by Peter­
son and Lehiste [I960] seem to justify ignoring the initial con­
sonant as long as the same context is compared across subjects) 
when this condition is fulfilled, the same inherent lengthening 
or shortening effect of the preceding context obtains in all 
cases.
The recordings were made under two different conditions: both 
at subjects' homes and in a sound attenuated booth in the Phone­
tics Laboratory at the University of Oxford.
Subjects were asked to read the words at a comfortable speech 
rate; they were also asked to read a short passage and answer 
some questions, but it is only the formal style which is under 
investigation at present.
The speech was analyzed by means of a sound spectrograph and 
a computer analysis based on the package called ’Quasi Spectro­
graph1 written for the ZX Spectrum microcomputer by Dr. W. Sobko- 
wiak of Adam Mickiewicz University, Poznań. The measurements ta­
ken from the computer screen were compared to the spectrograms 
in order to minimize the possibility of inaccuracy in measure­
ments .
The segmentation criteria were based on a clear formant struc­
ture, i.e., vowel duration was measured along the clear first 
and second formant, including the transition.
RESULTS
The measurements resulted in 12 scores of different-vowel du­
rations for each subjects six different vowels were measured be­
fore an underlyingly voiced alveolar stop, and the 'same six vo­
wels were measured before an underlyingly voiceless stop. There
Difference in mean duration of the vowel (in ms) depending 
on the voicing of the following consonant
i: I u: e a: Ж
Mean 75.5 64 28.5 60 21.5 6.5
Variance 2630 1273 3578 2877 4772 1822
I Standard
deviation
51 35.6 59.8 53.6 69 42.6
Standard
error
14.8 10.3 17.3 15.5 19.4 12.3
t S.lxx 6 . 11XX 1.65 3.84xx 1.08 0.69
Mean 95.4 50.08 11.6 42.08 71.25 -19.16
Variance 3479 2199 6433 870 5073 5003
II Standard
deviation
58.9 46.8 80.2 29.5 71.2 70.7
Standard
error
« 17.02 13.53 23.15 8.5 20.5 20.4
t 5.6xx 3.75xx 0.5 4.94XX 3.46xx 0.94
Mean 117 58 129 39 141 34
Variance 557.5
23.6
1807
42.51
3782
61.5
180 3680 230
III Standard
deviation
13.4 60 15.2
Standard
error
10.56 19.01 27.5 6 27.13 6.78
t 11.08ХХ 3.05xx 4.61xx 6.5xx 5.19xx 5.01xx
*  p \<  0.05
XX ^ 0.01
Ratio of vowel duration before a voiced consonant 
to the vowel duration before a voiceless one; t-test for 
independent samples and F statistic for group ratios
i: I u: e o: *
Mean 1-5 1.57 1.27 1.55 1.16 1.08
Variance 0.15 0.1 0.28 0.34 0.11 0.09
I Standard
deviation
0.39 0.33 0.55 0.59 0.33 0.31
Standard 0.12 0.1 0.16 0.18 0.1 0.1
error
Mean 1.72 1.86 1.2 .1.35 1.41 0.99
Variance 0.23 0.55 0.31 0.08 0.13 0.3
IX Standard
deviation
0.48 0.47 0.52 0.28 0.36 0.55
Standard 0.14 0.21 0.16 0.08 0.1 0.16
error
Mean 1.92 1.29 2.17 1.35 1.82 1.22
Variance 0.03 0.82 0.42 0.02 0.17 0.01
III Standard
deviation
0.18 0.91 0.65 0.16 0.42 0.13
Standard 0.01 0.41 0.21 0.01 0.09 0.01
error
t I/II 1.1 0.73 0.05 0.98 -1.68 0.43
t t I/III 0.91 1.21 3.11xx 0.75 3.6xx 1.05
t II/III 2.38xx 0.4 2.94xx 0.02 2.03xx 0,9
F I/II 4.37x
F II/I 1.51 5.14x 1.11 1.21 2.74
F I/III 4.65 XX13.63 7.92x
¥ F III/I 7.66xx 1.53 1 .6
F II/III 7.06xx 3.12 • 21.73xx
F III/II 1.49 1.37 1.32
are three groups of subjects, with ten, twelve- and five subjects 
in the respective groups; there are six pairs of measurements for 
each subject.
Since it is the use of vowel duration as a cue for the final 
consonant voicing that is of interest to us, two ways of data 
presentation seem most appropriate: a) by means of the difference 
in duration depending on the voicing of the following consonant 
and b) by the ratio of the expectedly longer vowel duration be­
fore a voiced stop to the expectedly shorter one before a voice­
less consonant. The table of individual scores would be very 
long and not very informative; we use group scores as the ba­
sis for analysis.
Tsble 1 presents the differences between the scores for each 
pair of words in each group of subjects; the differences are gi­
ven in miliseconds (ms).
The group scores - converted into the ratio of vowel duration 
before a voiced consonant to the duration before a voiceless 
consonant - are given in Table 2. The data are described by means 
of the variance, standard deviation and standard error.
Examining the data from Table 1 and 2 we can find the degree 
of variability in each group; comparing the differences given in 
ms we get a picture of the actual durational relationship between 
the same vowel in different environments and between the groups, 
or different vowels in the same group. The ratios, on the other 
hand, are easier to handle; they are also more informative than 
the differences, as examining the ratios we are actually concer­
ned with the process of vowel lengthening, while the differences 
tell us about the extent to which the process applies.
TEST STATISTICS
Having described the data by means of the variability, we can 
formulate and test the experimental hypotheses. The aim of the 
experiment was to examine the relationship between the use of vo­
wel duration as a cue for voicing and the type of the majority 
language speech community membership in Polish English. Thus the 
sociolinguistic factor is an independent variable, whereas vowel
length is a dependent variable in the design. The dependent va­
riable is measured in miliseconds, so it is a ratio variable 
from the point of view of the level of measurement.
We have estimated the variability and decided that the dis­
tribution of scores is not drastically deviant from normal. The 
confidence limit is set at p 4 0.05 (5%), as is most common in 
the social sciences; the 5% confidence limit means that we ac­
cept a 5% probability that our results are due to chance rather 
than to the relationship between the variables.
In order to test the hypothesis that Group II is less effec­
tive in the consistent use of vowel duration as a cue for voi­
cing of the following consonant, we formulate the null hypothe­
sis which we shall try to reject. The null hypothesis assumes 
that there is no difference between the groups in the use of 
vowel duration, i.e., that the variation we observe is random, 
due to chance and not to the influence of the independent va­
riable on the dependent one. We have decided on a 5% level of 
significance, which means that we should be able to reject the 
null hypothesis if at least 95% of the variability is due to the 
interaction of the variables.
Stating an alternative hypothesis in the form of the predic­
tion that the Group I performance will on the whole be better 
(i.e., more consistent and closer to the native speaker norm) 
than the performance of Group II, whereas Group III (as the con­
trol group) will perform better than any of the Polish groups, 
we have decided on a directional, one-tailed test of significance.
Given that we are dealing with a ratio variable and that we 
can assume that the distribution is close to normal, it is pos­
sible to use a parametric test of significance. The samples are 
small, < 30, and the data are correlated within the groups, so 
we decide on a t-test for correlated samples (also called a'match­
ed pairs' t-test) in order to check the significance of the 
within group variance. The results of the t-test will tell us 
whether the difference in vowel duration depending on the context 
is significant in particular groups for particular vowels. The 
test is directional since we assume that vowel duration is longer 
in the context of a following voiced consonant.
The between group variance is checked for significance by the 
t-test for independent samples: each sample represents the ra­
tios calculated for each vowel in each group. The test is direc­
tional due to the prediction that the third group scores are 
higher than those of both the first and the second group, while 
Group I is expected to be closer to the norm (control group)than 
Group II.
Another check on the validity of the assumption that the 
three groups differ (i.e., come from different populations) is 
the test for the homogeneity of variance. The null hypothesis 
which we want to reject now is that the variances of the two po­
pulations from which the samples have been drawn, are equal. The 
test statistic used in this case is called F; the distribution 
of F is known for different degrees of freedom, i.e., the number 
of elements free to vary in each sample. An F value is calcula­
ted by finding the ratio of the larger variance to the smaller 
one, the degrees of freedom correspond to the number of observa­
tions in the numerator and denominator.
The next step in the statistical analysis is the application 
of ANOVA, i.e., the analysis of variance technique. Using ANOVA 
we are able to compare more than tho means simultaneously; the 
one-way ANOVA renders the possibility of cross-comparison between 
t»he means without the danger of a type I error, i.e., the danger 
of rejecting the null hypothesis too easily, without achieving 
the assumed significance. The reasoning behind the ANOVA techni­
que is based on the assumption that the between-group variance is 
bigger than the within-group variance; the significance of the 
results is checked in the F distribution tables.
So far we have used the ratio or the differences between 
vowel duration depending on the following context as an input 
for the test statistics. With ANOVA, it is possible to use raw 
data for the analysis of the interaction between two variables 
(factors). The design is called 'factorial', as it enables us to 
investigate a single factor across the groups on different le­
vels, or the relationship obtaining between the factors. There
ANOVA: factorial design
Source of variation SS df MS- F
Between groups:
Factor A 105337 1 105337 45.18xx
i: Factor В 3921 2 1960.5 0.84
Interaction AxB 2887 2 1443.5 0.62
Within groups 111900 48 2331
Between groups:
Factor A 43350 1 44350 42.39xx
1 Factor В 29442 2 14721 14.39xx
Interaction AxB 409 2 204.5 0.2
Within groups 49081 48 1022.5
Between groups:
Factor A 20807 1 20807 7.12xx
u: Factor В 1290 2 645 0.22
Interaction AxB 24393 2 12196 4.17x
Within groups 140195 48 2920.7
Between groups:
Factor A 31296 1 31296 25.88xx
e Factor В 11115 2 5557.5 4.59x
Interaction AxB 1132 2 556 0.47
Within groups 58039 48 1209
Between groups
Factor A 58344 1 58344 20.53xx
a: Factor В 3042 2 1521 0.53
Interaction AxB 24128 2 12064 4.24x
Within groups 136372 48 2841
Between groups
Factor A 11 1 U 0 .
ге Factor В 7023 2 3511.5 2.02
Interaction AxB 5443 2 2721.5 1.57
Within groups 83241 48 1734 *
are two factors in the design used in this study: speech commu­
nity membership and vowel duration3.
The calculations cited in this chapter were made with the use 
of the 'Omni Calc’ package for the ZX Spectrum; The ANOVA re­
sults are given in Table 3.
DISCUSSION
The results obtained after the application of test statistics 
and tabulated in Tables 1-3 are neither simple nor homogenous. 
There is a considerable degree of a within-group variance and the 
samples are not very large. Examining the results, it is possible 
to suggest many improvements in the experimental procedure. Ho­
wever, a general tendency in the use of the variable under in­
vestigation can be observed.
In the discussion of the results, let us concentrate on the 
hypotheses which we tried to verify. The first hypothesis con­
cerned vowel duration before a following voiced and voiceless 
consonant: vowel duration before a voiced consonant was claimed 
to be significantly longer than the duration of the same vowel 
before a voiceless consonant. The hypothesis was tested by means 
of a t-test for correlated samples; the results are presented in 
Table 1.
The hypothesis proved to be valid for all vowels in Group III, 
i.e., the group of native speakers of English. Not surprisingly, 
the t value exceeds the critical value for a level of high signi­
ficance (p  ^0.01) in all cases. The situation is more compli­
cated for the two groups of Polish speakers of English: neither 
group reached significance in the case of (u:) and (ее); for 
Group I there is no significant _ difference in the duration of 
(a:) depending on the context. However, both groups exhibit a
3 There are numerous ways of applying ANOVA to the data. Being a very po­
werful technique, it enables us to check the significance of the difference 
between n-means and n-vartables. The choice of the ANOVA type depends on the 
research design; see Hatch & Farhady (1986} for an easy introduction; Woods 
et al [1986] is suitable for more advanced readers.
highly significant difference in vowel duration in the case of 
li:), (i), (e). Thus we may conclude that although the speakers 
of Polish English tend to use the vowel duration cue for voicing 
of the following consonant, especially in the case of front non- 
low vowels, there is no consistency among the groups- notice(a:). 
Moreover, the differences between Group I and Group II are con­
nected with the within-group variability to some extent, the va­
riability being higher in Group II.
Given the results of the t-test for correlated data, we can 
proceed with the analysis of the differences obtaining between 
the groups. The data are converted into the ratio of the expec­
ted longer vowel duration before a voiced consonant to the shor­
ter duration (Table 2).
Let us start by examining the mean duration ratios for each 
group; in Group III, the control group, the ratio is considerably 
higher in the case of long vowels of English. The same tendency 
does not occur in either of the Polish English groups. It is 
worth noticing, however, that all groups agree in the smallest 
ratio for (*>).
The differences between the means of individual groups were 
tested for significance by means of three separate t-tests for 
independent samples. The differences in means between the two 
Polish groups failed to reach significance for any vowel. The 
t-test for Group I to III and Group II to III showed a highly si­
gnificant difference between the Polish and the English groups 
for two long vowels4: (u:) and (a:). In the case of (i:) only 
Group II was significantly different from Group III. Thus the use 
of vowel duration by the speakers of Polish English does not dif­
fer significantly from the native norm in the case of the short 
vowels of English.
The comparison of variances obtaining within the groups tested 
by means of the analysis of variance (F ratio) is based on the 
observation that the variances differ from group to group to a
The vowels of English are grouped Into short and long in this chapter; 
the notational convention is in accordance with British traditiçn. Note, ho­
wever, that long vowels are often treated as diphthongs in phonology.
large extent. Since the F statistic assumes chat the larger va­
riance is given in the numerator, its use illustrates not only 
the significance of the differences between the variances but 
also the distribution of the larger variances.
The analysis of the F values from Table 2 shows that the ma­
jority of larger variances are in Group II when compared to Group 
I; significance is reached in the case of (i) and (e) only. The 
variances in Group I and III are significantly different for (i),
(e), (ae), with the larger variance for (i) in Group III. The 
variances in Group II and III differ significantly for (it) and 
(ae), with the larger variance in Group II in both cases.
The hypothesis that Group I is more native-like in the use 
of vowel duration as a cue for voicing seems to be partly veri­
fied by the significant difference in the use of the cue for all 
vowels treated as inherently long between Group II and III, as 
compared with the significant difference for two of them between 
Group I and Group III. Thus it is possible to claim a certain ad­
vantage of Group 1 over Group II, although the difference is not 
particularly impressing in view of the present data.
The triple application of the t-test is not the best tool in 
the axamination of the relationships between the groups; there­
fore a one-way ANOVA was calculated for the ratios in the groups. 
The data transformed for ANOVA and the F value for each vowel 
are presented in Table 4. The difference between the groups pro­
ved to lack significance for any vowel. The reasonns for this 
failure become clear when the between-group variation is compa­
red to the within-group variation: the latter considerably ex­
ceeds the former. Thus the basic assumption underlying ANOVA, 
that the between-group variance is larger than the within-group 
variance, has been violated.
The one-way ANOVA operated on the ratios of vowel duration, 
so consequently it ignored the information concerning the re­
lationship between the group of the speakers (i.e., the influence 
of the type of speech community membership) and the phonetic 
context for a vowel. In order to account for the interaction of 
the variables, a two-way ANOVA has been applied. There are two 
factors in the design: Factor A, vowel duration, with two levels 
(vowel duration before a voiced and a voiceless consonant), and
One-way ANOVA
Source of variation SS df MS F
Between groups 0.57 ' 2 0.28 1.12
i: Within groups 4.97 24 0 .2
Total 5.54 26
Between groups 0.45 2 0.22 0.48
I Within groups 10.32 24 0.43
Total 10.81 26
Between groups 3.46 2 1.73 2.92
u: Within groups 7.29 24 0.3
Total 10.75 26
Between groups 0.22 2 0.11 0.59
e Within groups 4.09 24 0.17
Total 4.31 26
Between groups 1.48 2 0.74 2.9
o: Within groups 3.17 24 0.13
Total 4.65 26
Between groups 0.19 2 0.09 0.48
æ Within groups 4.31 24 0.17
Total 4.5 26
Factor B, with three levels (i.e., three groups of subjects, re­
presenting different types of English speech community member­
ship) . As in the one-way ANOVA, the design resulted in six ANO- 
VAs: one for each vowel.
The results obtained after the application of the two-way 
ANOVA are presented in Table 3. Except for (ae), there is a pre­
dictable significance in Factor A, i.e., vowel duration variation 
depending on the context. Factor B, however, is significant in 
the case of (i) and (e), whereas the interaction of the factors, 
i.e., the relationship between vowel duration and the group mem­
bership, is significant for (u:) and (a:). Thue the two-way ANOVA 
affords the possibility of cross-comparison within one test wi­
thout the danger of increasing the chance of a type I error.
CONCLUSIONS
The speakers of Polish English use vowel duration as a cue for 
the voicing of the following word final consonant inconsistently, 
i.e., depending on the vowel. They tend to use vowel duration 
in the case of short vowels of English rather than in the pro­
duction of the long vowels; vowel duration is not influenced by 
the voicing of the following consonant in the case of (u:) or 
(a:) in either group, whereas the duration of (i:) does not dif­
fer significantly only in Group II. The results seem to give more 
evidence to the marginal advantage of Group I in the use of vowel 
duration cue.
The statistical analysis of the data heightened the draw­
backs of the experimental design; it is evident that more data 
are necessary in order to lower the within-group variance. Grea­
ter care should be taken in the evaluation of the control group 
results - there should be more than five subjects in the group.
Generally, speaking, however, the results of the experiment 
seem to add new evidence in support of the claim that the vowel 
duration cue for the voicing of the following consonant is used 
by native speakers of Polish. In the case of bilinguals whose 
first language is Polish, the use of the vowel duration cue in 
English is statistically significant for English short vowels,
i.e., the vowel types equivalent to the Polish ones. The effect 
is not significant for English long vowels, partly due to the 
fact that the norm differences (the results from the control 
group) are highly exaggerated.
Thus it is possible to hypothesize that the use of vowel du­
ration as a cue in English is more natural for native speakers 
of Polish in the case of the English short vowels; the use of 
vowel duration in the case of the English long vowels must be 
learned by the bilinguals.
